Background: The floodplain forests of Araguaia River, a clear-water river in the southeastern Amazon (Tocantins State, Brazil), are characterized by seasonal flooding up to 3.5 m height, low nutrient levels in the water, and seasonal drought periods of 4-5 months. Methods: We studied the forest dynamics (tree diameter growth, tree mortality and recruitment) of this unique forest ecosystem over a 5-year period by repeated censuses in 12 permanent plots established along a flooding gradient. Results: The cumulative basal area in the plots increased by 0.84 (±0.45) m
2
•ha in the NAF plots (corresponding to a coarse wood production of 1.53 (±1.29) and 2.02 (±0.52) Mg•ha -1 •yr -1 ), indicating no flooding effect on radial growth. Mean mortality rates in the 5-year period were 1.9 (±0.37)%•yr -1 in the AF plots and 1.8 (±0.87)%•yr -1 in the NAF plots with no differences along the flooding gradient. Highest mortalities were registered in the AF plots for the 10-20 cm dbh class (2.4%•yr ), probably mainly caused by ENSO-related droughts. Conclusions: We conclude that these drought-affected tropical floodplain forests have a lower standing biomass and aboveground productivity than central Amazonian floodplain forests in more humid climates, and the imprint of the flooding gradient on stand dynamics is relatively weak, which may result from the lower flooding height and the interaction of flooding with low nutrient supply and periodic drought.
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Background
Amazonian freshwater floodplains cover an area of approximately 1.7 million km 2 (Junk et al. 2011 ) and the majority of these wetlands are forested Wittmann et al. 2010; Wittmann et al. 2013 ). Many ecological processes in these unique semi-aquatic woodlands, such as nutrient cycling, decomposition and forest succession, are heavily influenced by the flood pulse, and plant species inhabiting these environments have developed specific morpho-anatomical and physiological adaptations to cope with the seasonal flooding (Junk 1989; Parolin et al. 2004 ). The variable flooding regimes and differences in water and sediment chemistry determine tree species composition and forest dynamics in these systems (Junk 1989; Rosales et al. 1999; Junk et al. 2010; Wittmann et al. 2010; Junk et al. 2011) .
Forests inundated seasonally by black-or clear-water rivers are collectively known as igapó and cover ca. 180 000 km 2 of the Amazon Basin (Melack and Hess 2010) . These rivers (e.g. Rio Negro, Tapajós, Tocantins and Araguaia) originate in Precambrian formations, notably the Guiana Shield and Central Brazilian Shield, with deeply weathered soils and thus carry black water and clear water, respectively (Irion et al. 2010) , with a reduced load of suspended inorganic compounds compared to white-water rivers. The fertility of igapó floodplains is therefore much lower than that of floodplains which are inundated by sediment-rich white water rivers (várzea floodplains).
The Araguaia floodplain covers the vast area of 58 600 km 2 in the southeast of the Amazon Basin (Melack and Hess 2010) and includes Bananal Island, the world's largest fluvial island. This extended semi-aquatic landscape represents the fifth largest floodplain area in South America. Araguaia River is a clear-water river with large tracts of igapó (Junk et al. 2011 ). The region is localized in the transition zone from the Amazonian moist lowland forest to the semi-humid to semi-arid Brazilian cerrado forest, two biomes with very high tree species richness. While the immediate study region is still covered by large tracts of natural forest vegetation wellpreserved in Cantão State Park, the greater Araguaia floodplain is part of the so-called ' Arc of deforestation' in southern Amazonia which is under heavy pressure by human expansion.
The forests in the study region are exposed to seasonal flood levels of up to 3.5 m height, corresponding to a submersion of the trees for up to 150 days per year. In this part of Amazonia with an extended dry season, the floodplain forest is not only exposed to long-lasting inundation but also to seasonal drought. Thus, the river banks in the transition from high to low terrain are characterized by two opposing stress gradients, increasing anoxia in direction of the river during the flooding season, and decreasing drought exposure in the dry season. We expected that the combination of these two stressors (i) has a negative effect on forest productivity and standing biomass, and (ii) represents an effective environmental filter, which largely determines the species composition of the floodplain forests at different heights on the river banks. In support of our first assumption, a biomass inventory found that canopy height and aboveground live tree biomass (AGB) are indeed lower in the Araguaia floodplain forest than in the less seasonal floodplain forests of the central Amazon (Kurzatkowski et al. 2015) .
In the present study, we measured tree radial growth and wood production and analyzed stand dynamics (tree mortality and recruitment) in the same plots along a flooding gradient in the Araguaia floodplain over a period of 5 years. We further expected (iii) that a higher flood level and longer inundation at the lowest sites should cause elevated tree turnover rates (greater mortality and also recruitment rates), while greater drought exposure at the highest sites should increase mortality at this end of the gradient as well but not recruitment. Our studies in this seasonally-dry tropical floodplain forest are among the first to analyze the dynamics of these unique forests. In the absence of comparable studies, we contrast our results with findings from floodplain forests in humid regions of Amazonia.
Methods

Study area
The study was conducted in the southern part of Cantão State Park in the south-eastern Brazilian Amazon on the Araguaia river floodplain (Eiten 1985) , that was already established in 1989. The region is located in Tocantins State, Brazil, in the transition zone between the Amazon forests in the west and the cerrado in the east (Fig. 1) . It is covered by large areas of intact moist forest and patches of cerrado on drier soil.
The soils of the study sites are quite variable ranging from upland red-yellow and yellow Oxisols and red-yellow Ultisols to alluvial soils with hydromorphic lateritic and gleyic characteristics (Departamento Nacional de Produção Mineral, DNPM 1978) . The soils on the floodplain are acid and nutrient-poor Dystrophic Plinthosols and Gleysols (Martins and Kardec 2006) .
The region has a hot, semi-humid tropical seasonal climate with 1755 mm average annual precipitation (Kurzatkowski et al. 2015) . The rainy period lasts from November to April/May, followed by a distinct dry season from May/June to September with monthly precipitation totals of 50 mm or less in these 4 to 5 months. Mean annual temperature is 26°C; the hottest months are August and September with means of 30°C, the coolest month is July (22°C). There is a strong interannual variability in the total amount and distribution of precipitation, and the year 2005 was particularly dry (Borma et al. 2009 ).
Study plots
Twelve permanent plots of 0.25 ha size (50 m × 50 m) were established in 2001 for studying forest dynamics processes in relation to variation in flood level height. The study plots are located on the right bank of Javaés River, a tributary of Araguaia river, in vicinity to Canguçu Research Center (9°58′41′′S, 50°02′12′′W) (Fig. 1) . The plots represent a gradient of flood levels and flooding duration with distances to Javaés River varying between 0.1 and 1.0 km. The distance between soil surface and the upper limit of the dark water mark visible on the tree trunks was used to define the maximum flood level in a plot. All plots were selected in forest areas without larger recent canopy gaps, thus avoiding patches with major disturbance or covered by early-successional stages.
The 12 plots were assigned to two groups differing in flood level height (Kurzatkowski et al. 2015) . In annually flooded (AF) stands (n = 5), flooding occurred every year, reaching maximum water heights of 1.5 to 3.5 m with inundation lasting for 2 to 5 months. The second group contains non-annually flooded (NAF) stands (n = 7) with inundation occurring only irregularly for periods of up to 2 months; flood levels reached only 1.3 m at the most.
Data collection and analysis
A census of the tree populations in all plots was conducted in 2001 and repeated in 2006. The diameter at breast height (dbh) of all living trees with dbh ≥ 5 cm was recorded at 1.3 m. Diameters of buttressed trees were measured immediately above the buttresses to avoid overestimation (Condit 1998) . Tree heights were measured with a telescope pole of 15 m length; the heights of taller trees were estimated. Palms and lianas were not included in the inventory. Tree species identification was conducted by a local field assistant with knowledge of the tree flora. In addition, plant samples were collected and compared to herbarium collections at the Federal University of Tocantins in Palmas. Phylogenetic classification was based on Angiosperm Phylogeny Group III (AGP III, 2009). The scientific species names were checked in the Tropicos database (www.tropicos.org).
Following Bellingham and Sparrow (2009) , we calculated annual rates of tree recruitment and mortality. The annualized tree mortality rate (M; in %) was derived from the expression:
where N 1 is the number of individuals in the first census, N S is the number of surviving individuals (excluding new recruits) in the second census, and t is the time in years. The annualized tree recruitment rate (R; in %) was calculated as:
where N R is the number of recruited trees (all trees that reached the 5 cm dbh threshold between 2001 and 2006) between censuses, and N 2 is the total number of live individuals (including new recruits) in the second census. Upright standing stems were considered dead, if their inner bark was dry and easily separated from the sapwood. For the 12 most common tree species on our plots, the rates of recruitment and mortality were also analyzed separately.
To estimate aboveground coarse woody biomass (AGB), we applied the allometric equation for tropical wet forests proposed by Chave et al. (2005) , with wood specific gravity (WSG), dbh and tree height as parameters. WSG data for the tree species were obtained from the Global Wood Density Database (http://datadryad.org/handle/10255/ dryad.235) Zanne et al. 2009 ). In cases where species-specific information was missing, we used means of WSG calculated from the values of the species of the same genus. For not identified trees we used the average of WSD of the respective plots.
The aboveground coarse wood biomass production (WP) of all trees, which had survived in 2006, was calculated as the AGB difference between the censuses in 2006 and 2001. Means of parameters were compared with T-tests, using Statistica 12 (StatSoft, Tulsa, OK, USA) and regression analyses were performed with Xact 8.0 software (SciLab, Hamburg, Germany).
Due to the avoidance of large recent gaps or patches with early regrowth, we expect our AGB estimates to be in the upper range of forest biomass figures. On the other hand, our selection criteria should result in belowaverage tree growth rates and WP rates. 
Results
Stem density, coarse wood production and forest dynamics
In the surveyed area of the 12 plots (3 ha in total) in the Araguaia floodplain forest, average stem density (dbh ≥ 5 cm) in 2001 was 1005 (±155) (mean ±SD) ha -1 in the NAF plots and 1182 (±367) ha -1 in the AF plots (Table 1) . During the 5-year study period, we registered only marginal changes in stem density, as no major disturbance event apart from drought occurred. Stem density increased to 1007 (±157) (Fig. 2) .
Mean tree mortality rates in the 5-year period were 1.9% in the AF plots and 1.8% in the NAF plots, corresponding to a dead wood production of 1.01 (±0.34) and 1.57 (±1.29) Mg•ha -1 •yr -1 . Highest mortality rates were registered in the AF plots for the 10-20 cm dbh class with 2.4%, and in the NAF plots for the 40-50 cm class (3.0%, Fig. 3 ). The mean recruitment rates were 1.8% in the AF plots and 2.0% in the NAF plots, resulting in a mean ingrowth of 0.29 (±0.17) in the AF plots and 0.23 (±0.09) Mg•ha -1 •yr -1 in the NAF plots. None of the means of aboveground coarse wood production (p = 0.06), mortality (p = 0.37) and recruitment (p = 0.39) differed significantly at p < 0.05 between the two forest types. Neither mortality nor recruitment rate showed significant linear correlations with the maximum flood level height observed in the study plots (Fig. 4) . The two forest types show no significant differences
Population dynamics of selected species
The 12 most abundant tree species in the study plots, all present with stem densities >15 ha -1 , were included in a species-specific demographic analysis ( Table 2) . The most frequently occurring species in the AF plots (all with more than 147 stems•ha -1 ) were Alibertia edulis, Inga marginata and Mouriri guainensis and in the NAF plots (>91 stems•ha -1 ) Protium heptaphyllum, Brosimum rubescens and Protium paniculatum. While 11 of the 12 species occurred in both forest types and could be compared with respect to flooding tolerance, Cordia sellowiana was abundant in the NAF plots but completely absent from the AF plots. Alibertia edulis, Piranhea trifoliate and Saccellium brasiliense had significantly higher densities in the AF plots, whereas Protium heptaphyllum was more common in the NAF plots.
Average annual mortality and recruitment of the 12 species during the 5-year study period varied markedly between species and forest types. The highest annual mortality rates in the NAF plots were observed for Combretum leprosum, Inga marginata, Protium heptaphyllum and Xylopia frutescens (2.1-2.6%). In the annually flooded plots, the species with highest mortality rates were Protium paniculatum, Combretum leprosum, Xylopia frutescens and Protium heptaphyllum (3.5-21.4%). The same four tree species with highest mortality had also the largest recruitment rates in the AF plots (4.0-22.9%).
When the tree species were grouped by their forest type preference (Fig. 5) , the five AF species showed almost no differences in dynamic properties between forest types; they had slightly higher mortality rates than recruitment rates in both forest types. In contrast, the seven NAF species had higher recruitment than mortality rates in both forest types. The average recruitment rates as well as the mortality rates of the latter species were conspicuously higher in the AF plots than in the NAF plots. Mean stem diameter growth rates typically varied between 1.23 and 1.97 mm•yr -1 in the AF and NAF plots and were relatively uniform among the species (Table 2) . Particularly high growth rates were recorded in both forest types for the pioneer tree Xylopia frutescens (1.94 mm•yr -1 in AF and 2.44 mm•yr -1 in NAF plots). Only Combretum leprosum and the two Protium species showed higher growth rates in the AF than in the NAF plots.
Discussion
The two stand inventories in 2001 and 2006 produced the unexpected result that mean stem diameter growth was very similar in the annually-flooded and nonannually flooded plots (1.8 and 2.0 mm•yr -1 ) and thus apparently independent of flooding height and duration. Cumulative basal area in the plots increased on average by 0.69 m 2 •ha -1 •yr -1 in the NAF plots, and by •yr -1 in the NAF and AF plots. As with stem radial growth, aboveground productivity apparently was not reduced by higher and longer flooding. This matches the biomass inventory data, which also showed no effect of flood height and duration on the standing aboveground biomass stocks (Kurzatkowski et al. 2015) .
The apparently low effect of flooding height and duration on tree diameter growth in our plots comes as a surprise. Other studies found a negative relation between diameter growth and the height and duration of annual inundations, e.g. in the igapó forests along Rio Negro , Amazonian várzea forests (Nebel et al. 2001a (Nebel et al. , 2001b Schöngart et al. 2010 ) and riparian forests in the Brazilian Pantanal (Wittmann et al. 2008; Schöngart et al. 2011 ). Worbes (1997 confirmed with dendrochronological methods that the floodplain trees typically reduce wood growth during the aquatic phase and then remain in a state of cambial dormancy. Flooding height and duration perhaps were in the Araguaia system not as extreme as in other floodplain studies, where closed forest occurs up to inundation depths of 9 m (black water rivers) or 7.5 m (white water rivers) (Junk et al. 2011 ). In addition, the relatively extreme environment (low fertility and seasonal drought) could have masked a flooding effect on cambial activity in this region.
In our study, a significant flooding effect was however detected on wood density, which increased significantly with increasing flood height and duration, and for maximum tree height of the stands, which decreased significantly in direction of the river. We interpret these relationships as a hint that the flooding regime and associated soil anoxia acted as an environmental filter selecting for more flood-tolerant tree species with higher wood density close to the river. The production of wood with higher density compensated for the smaller maximum tree height in the AF stands with the consequence Stem density (for the year 2001), annual mortality and recruitment rates, and annual diameter growth for the 12 most abundant tree species in the NAF and AF study plots during the study period (2001) (2002) (2003) (2004) (2005) (2006) Fig. 5 Mortality and recruitment of species grouped by habitat preference. Mean annual mortality and recruitment rates of the twelve common tree species (see Table 2 ) in the AF and NAF plots. The species are categorized according to their forest type preference into AF-species (Alibertia edulis, Inga marginata, Mouriri guianensis, Piranhea trifoliata and Saccelium brasiliense) and NAF-species (Albizia hassleri, Brosimum rubescens, Combretum leprosum, Cordia sellowiana, Protium heptaphyllum, Protium paniculatum and Xylopia frutescens).
There are no significant differences between compared species groups or between forest types that standing biomass and also biomass production were not lower than in the NAF plots. Thus, the productivity data suggest that higher wood density was not related to lower diameter growth in our species sample. With respect to the causes of these patterns, our dbh and tree height data suggest that the average AF tree must either be shorter-lived or grow slower in height than the average NAF tree. As trees with dbh > 50 cm were more abundant in the NAF plots, we assume that the greater maximum tree height in these stands is a consequence of greater age and not intrinsically higher height growth rates. In two of the three highly flooded plots, the mortality rate in the five study years was indeed high with >2%•yr -1
, which may suggest that trees in the AF plots do no reach larger sizes and ages due to reduced survival under high floods.
Except for two plots, the net woody biomass change was positive in the period [2001] [2002] [2003] [2004] [2005] [2006] in the AF and NAF plots, indicating that the Araguaia floodplain forests function currently as a carbon sink with a net storage of 0.81 and 0.69 Mg•ha -1
•yr -1 in the AF and NAF plots. In secondary floodplain forests in humid Amazonia, Lucas et al. (2014) found an average net biomass increase of 6.4 Mg•ha . This is slightly higher than our values, but may easily be explained by the more stressful conditions (more pronounced dry season combined with low nutrient availability) in the igapó floodplains and the lower canopy height. A long-term biomass increase in recent decades has also been found in other tropical forests, e.g. in those of Africa ), but studies reporting no biomass change in recent decades do also exist Chave et al. 2008) . The causes of an apparent long-term forest biomass increase in the tropics are debated and refer to climate change or recovery from past disturbances (Clark 2002; Wright 2005; Körner 2006 , Chave et al. 2008 Lewis 2006 Fisher et al. 2008 ). Since we do not have soil carbon inventory data, it remains unclear whether the ecosystem C balance in Araguaia floodplain is also positive or not.
The Araguaia floodplain forest differs from other Amazonian igapó forests by its extended dry season which may represent an additional stressor for the trees. While plot-level tree diversity was not markedly lower than in central or western Amazonian várzea and igapó forests, mean stand-level basal area (19.4 m 2 •ha -1 ) and aboveground biomass (117 Mg•ha -1 ) were markedly smaller than in other Neotropical floodplains, including the cerrado floodplains in Pantanal (biomass: 136-260 Mg•ha -1 ; Schöngart et al. 2011) . We speculate that the low biomass is caused by a combination of the low fertility of the clear waters of Araguaia river and the 4-5 months of dry season. While mean stem diameter growth was apparently not negatively affected by temporal water shortage in the NAF plots on higher terrain, we found a particularly high mortality rate, mostly of larger trees, in the highest NAF plots. A likely explanation is the extended drought in 2005 (Phillips et al. 2009 ), which may have killed several of the larger trees especially in the NAF plots. It appears that drought affected the AF plots less severely, probably because of the higher ground water level in the dry season. Even in nonflooded terra firme forests of moister tropical regions, diameter growth was found to be strongly related to the seasonality of precipitation (Brienen and Zuidema 2005) and severe droughts negatively affect forest dynamics, decreasing wood biomass productivity and increasing tree mortality (Phillips et al. 2009; Corlett 2011; Lewis et al. 2011) .
Stand dynamics (recruitment and mortality)
The mortality rates observed in our study (averages of 1.93%•yr -1 in the AF and 1.83%•yr -1 in the NAF plots) are comparable or lower than values reported from other floodplains in the Amazon (Brazil: 1.56-1.99%, Campbell et al. 1992; Ecuador: 3.01, Korning and Balslev 1994; Peru: 1.79-3.16, Gentry and Terborgh 1990; Phillips et al. 1994; Nebel et al. 2001a Nebel et al. , 2001b . In terra firme forests near Manaus, Rankin-de-Merona et al. (1990) reported lower values of 1.13% and Korning and Balslev (1994) calculated values of 1.04-1.88% for Ecuadorian terra firme forests. Elevated average mortality rates in floodplain forests as compared to terra firme stands are to be expected, but our record is too short to draw sound conclusions.
Highest mortality was observed in large trees (dbh class > 40-50 cm) of the NAF plots on higher terrain. As large trees were hit most, we assume that the severe ENSO-related 2005 drought in the Amazon may have contributed to the elevated death rate (Williamson et al. 2000; Condit et al. 2004; van Nieuwstadt and Sheil 2005) , as it has been reported by Phillips et al. (2009) from other regions of the Amazon basin. The 2005 drought was also detected in the study region and resulted in strongly reduced soil moisture in the upper 2 m of soil during the dry season (Borma et al. 2009 ). In the course of climate change, Olivares et al. (2015) documented extended drought periods at the margins of the Amazon basin. While the growth response to climate change may be quite difficult to detect, increased mortality due to more severe droughts can have rapid and conspicuous effects on stand structure through the death of large trees. However, sampling over short observation periods as in our case may partly miss these events (Coomes et al. 2014) .
Tree species differences in growth and mortality Kubitzki (1989) assumed that many Amazonian floodplain tree species are ecotypes of taxa originating from the surrounding terra firme forests. When the species immigrate into the floodplains, they gradually develop adaptations to the periodic inundation. From the overall registered 54 tree species in the 12 plots, we classified 12 species by their habitat preference: seven could be categorized as species preferring the NAF forest due to higher stem densities here, and five as AF species. This suggests that the species differed in their degree of adaptation to this extreme environment. As an example of an AF species, Inga marginata had four times higher stem densities in the AF forest than in the NAF plots. This observation supports the assumption that this species colonizes low-lying, highly flooded river margins and uses the water for seed dispersion. However, this species likely has its ancestors not in the semi-deciduous drier forests of the south-eastern Amazon surrounding the Araguaia floodplain, but it probably has migrated along the large rivers from the central Amazon. Yet, other species likely have colonized the floodplain from the surrounding drier forests. For example, Protium heptaphyllum is an abundant species in semi-deciduous forests and the cerrado, which was three times more frequent in the NAF plots. Cordia sellowiana is a typical element of the Cerrado vegetation; it occurred exclusively in the NAF plots. This suggests that these species from higher terrain do not yet have developed adequate adaptations to the high flood levels in the AF plots or, alternatively, may physiologically not be capable of doing so because they have adapted to drought. However, the majority of species found in these floodplain forests seems to have closer relations to the more humid central Amazon.
The species with NAF plot preference can indeed be considered as more flooding-sensitive, as their mortality rate was four times larger in the AF plots than that of the co-occurring AF species (Fig. 5) . In contrast, both tree categories had similar mortalities in the drier NAF plots. This indicates that the AF species are rarer in the drier NAF plots due to other reasons than a particularly high drought sensitivity. In fact, abundance in a plot, mortality rate and diameter growth in the two forest categories were in most species not related to each other (see Table 2 ). This excludes a simple ecophysiological explanation for the presence or absence of certain species along the flooding gradient.
While a decline in tree species richness with increasing flooding height and duration seems to be typical for many Amazonian floodplain forests (Terborgh and Andresen 1998; Nebel et al. 2001a Nebel et al. , 2001b Parolin et al. 2004) , we found only a very slight (non-significant) increase in plot-level species numbers from the AF to the NAF plots (Kurzatkowski et al. 2015) . The missing diversity gradient in the Araguaia floodplain may again be a consequence of the low nutrient concentration of the clear waters and the action of drought in this region.
In Central Amazonian floodplain forests, Worbes et al. (1992) found a clear differentiation of the average diameter growth rate among the dominant trees according to their successional status: pioneer species (9.4 mm•yr . This, however, does not necessarily classify them all as climax species. Comparing the average diameter increment of three commercial tree species in igapó and várzea floodplain forests, Schöngart et al. (2005) measured significantly lower rates in the igapó forests, which may explain our relatively low rates.
The natural seasonal flood pulse is a critical mediator of tree regrowth, as floods facilitate seed dispersal, deposit sediments and promote the connectivity between different forest sites (Ward and Wiens 2001) which could enhance tree regeneration. However, we found no systematic difference in recruitment rates between AF and NAF plots, and for the 12 most abundant species no clear pattern emerged indicating a more successful offspring establishment in the plot category which was preferred by the adults. This suggests that other factors than flooding regime which affect seedling establishment and survival, must be equally important in our stands.
Conclusions
Our forest dynamics data from the seasonally-dry Araguaia floodplain show that the standing aboveground biomass and ANPP are relatively low compared to central Amazonian várzea floodplain forests, in support of our first assumption. In contrast to other Amazonian igapó and várzea floodplains, the flooding gradient imprinted only weakly on most stand-level structural and dynamic properties, while it influenced mean wood density and maximum stand height. As expected, tree mortality rates were relatively high in both annually and not-annually flooded plots, probably due to different causes. The high mortality observed in large NAF plot trees likely is a consequence of ENSO-related droughts which may threaten seasonally-dry floodplain forests at the edge of the Amazon more than in the humid regions of central Amazonia. Contrary to our expectation, we found no decrease in recruitment rate from low to high terrain suggesting that flooding is only one factor controlling tree regeneration in these floodplain forests. We conclude that the seasonally-dry floodplain forests of Araguaia are unique forest ecosystems which are at many places threatened by transformation. When intact they still seem to function as a net carbon sink, but this may change with increasing severity of climate warming-related droughts.
